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Summary of Presentation

We have completed a comprehensive study of the equilibrium and non-equilibrium
thermodynamic properties of off-critical, high molecular weight polymer blends using static and time-
resolved small angle neutron scattering. Our objective was to observe the formation of critical nuclei
during the initial stages of liquid-liquid phase separation. Previous studies on the initial stages of
liquid-liquid phase separation in polymer blends have focused on critical blends undergoing spinodal
decomposition. We chose polymethylbutylene/polyethylene blends because the phase behavior of this
system follows the well-known Flory-Huggins theory, and can thus be readily modeled. We found
good agreement between the binodal and spinodal curves obtained from theory and experiment. We
then studied the kinetics of phase separation, focusing on quenches into the metastable region of the
phase diagram that is bounded by the binodal and spinodal curves.

We established that the scattering from structures formed during the initial stages of phase
separation is consistent with the Ornstein-Zernicke equation. The Ornstein-Zernicke parameters
obtained from all of the blends obey a universal scaling law, indicating that structures responsible for

nucleation are diffuse, self-similar and their characteristics are independent of quench depth. We found
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that the scattering profiles obtained during phase separation were independent of time for scattering
vectors, q, greater than a critical scattering vector, q.. We concluded that the growing structures during
the initial stages of nucleation must have length scales greater than 1/q., the lower limit of the length
scale of the structures responsible for the initial phase separation process Rc=1/q.. We found that R,
decreased monotonically with increasing quench depth. A major prediction of conventional nucleation
theories is the divergence of the critical nucleus size at the spinodal. We found no evidence of such a
divergence. We thus conclude that the spinodal, defined as the quench depth at which the static
structure factor of a mixture diverges, appears to have no dynamic significance.

Our work indicates that the nucleation pathways in polymer blends are not consistent with any
of the available theoretical predictions. Many of our observations are, however, consistent with
simulations of nucleation in an Ising magnet where fluctuations are taken into account explicitly.
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